• Removal of methyl violet dye from aqueous solution by acid modified Saccharum bengalense
mg/L, can impart visible color to water, which makes it unfit for human use [3] . Dyes have the ability to absorb the specific wavelength of light so they interfere with sunlight to reach the water bodies, which causes harmful effects on the aquatic life. Dyes are highly carcinogenic, mutagenic and damage liver, kidneys, brain, central nervous system and reproductive system of human beings [4] [5] [6] . Due to high visibility and toxicity of dyes, their removal from contaminated water bodies has become very important [7] .
Different techniques like chemical oxidation, membrane separation, coagulation, aerobic and anaerobic microbial degradation can be used for treatment of dye polluted wastewater but these methods have not attained much importance due to certain restrictions [8] . Among all these methods used for the treatment of wastewater, adsorption is preferred due to its high quality and the cheapness [9] . Wastewater treated by using activated carbon in the adsorption process has become a very important aspect of recent research [10] . Therefore, effluent-containing wastewater is treated with activated carbon before its disposal in environment [11] . However, this method is not economically feasible due to requirements of the activated carbon regeneration and the decrease in its efficiency after recycling [12] . Presently, adsorption has become an economically suitable and realistic method for the removal of different pollutants like COD [13, 14] , gasses [15] , heavy metals [16, 17] , phenol [18, 19] and dyes [20] [21] [22] [23] from aqueous media using the agricultural by-products as adsorbents. Literature studies showed that different researchers have used different methods for the activation of the adsorbent to enhance its adsorption capacity. Activation may be physical, such as carbonization, or chemical, by using chemical activating agents.
Xu et al. synthesized biochar from different crop residues and used it as an adsorbent for adsorption of methyl violet from aqueous medium [24] . They also showed that biochar have high ability to remove MV from aqueous medium. Tian et al. prepared nano--sized Fe 2 O 3 modified baker yeast biomass and used it as efficient adsorbent for removal of MV from aqueous medium [25] . They also observed that adsorbent has capability to be removed from mixture magnetically due to presence of spherical nano-Fe 2 O 3 on the surface of biomass. Ofomaja and his coworkers reported Mansonia wood sawdust as biosorbent for removal of MV from aqueous medium [26] . Effects of temperature and pH on the biosorption process were studied. They concluded from their experiment that biosorption process was strongly depending upon the pH of the medium and percentage removal efficiency of biosorbent was significantly high at pH > 7.
In our work, activated carbon was prepared from SB by chemical activation method and was used as adsorbent for removal of MV dye from aqueous medium. The novelty of our work is the use of acid modified Saccharum bengalense as biosorbent for removal of MV from aqueous medium, because researchers have not employed it as adsorbent for dye removal. Different parameters that affect the rate of adsorption of dye were also studied. The values of adsorbent dose, contact time temperature and stirring speed at which maximum adsorption rate was observed were used for further studies. Different models, such as pseudo-first order, pseudo-second order and intra-particle diffusion models were used to study the kinetics of adsorption of methyl violet on SB. Thermodynamic studies were done to estimate the nature and feasibility of the adsorption process. The mechanism of the adsorption process was studied using Langmuir, Freundlich, D-R and Temkin adsorption isotherms.
MATERIALS AND METHODS

Chemicals
Methyl violet (MV), sodium hydroxide (NaOH), sulfuric acid (H 2 SO 4 ) and hydrochloric acid (HCl) were of analytical grade and obtained from Sigma Aldrich. All chemicals were used as received without any further treatment.
Methyl violet as adsorbate
Methyl violet (MV) was used as an adsorbate. It covers three compounds: MV-2B, MV-6B, and MV--10B, which differ in the number of methyl groups attached to amine. The change in color of dye depends upon the number of methyl groups present in it. In inks and paints, it is used as violet color, while in textile industry it is used as purple color dye. Methyl violet 6B is intermediate between 2B (less dark) and 10B (more dark) in color. Dipropylene, water and diethylene glycol are important solvent for this dye. We used methyl violet-6B (MV) as adsorbate and water as solvent for our work. 1 g of dye was dissolved in 1000 mL of deionized water to prepare stock solution of 1 g/1000 mL concentration. For experimental purposes, the concentration of dye was changed from 16 to 32 ppm and the optimum concentration of dye was found. Acidic S. Bengalense as biosorbent SB obtained from the bank of the river Ravi in Lahore, Pakistan, was washed with water to remove dust and unwanted particles. Then, the washed SB was dried under shade. After drying, the outer layer of samples was removed to obtain the inside pulp. A standard knife mill was used to mill the SB pulp and passed through 60-mesh screen. Milled SB was stored in air tight bottle for further use in experimental work. The weighed amount of SB was taken in a beaker and then H 2 SO 4 (17 M) was added in it. The SB was dipped in acid for two hours. After that, it was washed with water and filtered. After filtration, the residue at the filter paper was dried in oven at 70 °C. After drying, the sample was ground with mortar so that all particles were of the same size and shape. These particles were placed in an airtight container for further use and labeled as A-SB.
Characterization of biosorbent
FTIR spectroscopy was used to analyze the SB and acid modified SB. FTIR analysis was done to find the difference between vibrational frequencies of functional groups of SB and A-SB in range of 4000--400 cm -1 . For this purpose, samples were degassed for 2 h at 300 °C. The disc method was employed to analyze the samples by using a Tensor 27, Burker (Germany) FTIR spectrophotometer.
Biosorption experiments
Effect of adsorbent dose on the rate of adsorption of dye from aqueous solution was studied by varying the dose of adsorbent from 0.1 to 0.5 g in the adsorbent-adsorbate solution. The initial concentration of dye was kept constant while pH of solution was adjusted as 10. Solutions containing different adsorbent dose were stirred until equilibrium was established.
Effect of contact time on the rate of adsorption of dye was also studied by varying the shaking time from 10 to 70 min while the concentration of adsorbate-adsorbent was 0.2 g/50 mL at pH 10. After specific time interval, the solution was pipettes out from flasks, filtered and absorbance was measured using a 721 visible spectrophotometer (Shanghai Hansom Technology and Sales Limited, China)
Effect of temperature on the rate of adsorption of dye by biosorbent was studied by varying it in range of 10 to 60 °C while the concentration of adsorbent--adsorbate was 0.2 g/50 mL at pH 10 and contact time 50 min. Temperature was maintained during adsorption process until equilibrium was established and sample was pipette out for absorbance measurement. Rate of adsorption of dye was also studied by varying stirring speed from 100 to 175 rpm while all other parameters were kept constant. Stirring speed of 125 rpm at which maximum adsorption occur was found.
Effect of concentration of dye on the rate of adsorption process was also studied by changing its concentration from 16 to 32 ppm while all other factors were kept constant. Adsorbate-adsorbent solutions were stirred at optimum speed of 125 rpm to attain equilibrium and absorbance of relative solutions was found. Percentage removal efficiency was calculated for all parameters studied. It is the adsorption capacity of adsorbent or amount of solute adsorbed on the adsorbent and can be represented as follows:
where C o (mg/L) and C e (mg/L) are the concentration of solute in solution at start of adsorption process and at equilibrium, respectively, and q e (mg/g) represents the biosorption capacity of SB at equilibrium and indicates the solute concentration adsorbed at the surface of adsorbent:
RESULTS AND DISCUSSION
Fourier transform infrared spectroscopy (FTIR)
FTIR spectroscopy was used to study the structural hierarchies of SB and A-SB. Band positions for different functional groups present within SB and A-SB are given in Table 1 . FTIR data indicates that SB and A-SB samples have common functional groups like amine and alcoholic groups. Secondary and tertiary alcoholic groups are present in SB while only tertiary alcoholic groups are present in A-SB samples. Both spectra also show that aromatic character is present in both samples. SB also has carbonyl groups. Literature survey shows that mostly FTIR spectra of SB have similar peaks which indicates the presence of different groups like hydroxyl group of alcohols, carbonyl group of aldehydes, ketones, ester and carboxylic acid and aromatic group [27, 28] .
Optimization of biosorption parameters
Effect of adsorbent dose
Percentage removal efficiency (R) of biosorbent increases with increase of bisorbent dose due to increase of availability of binding site as reported earlier [29] . It was observed that %R of bisorbent was increased with increase of adsorbent dose up to a certain limit. After that, further increase of adsorbent dose caused the overlapping of binding sites and adsorption capacity was decreased. Effect of adsorbent [29] . The results were in agreement with the previous work reported in literature [27, 30] .
Effect of contact time
Efficiency of adsorbent also depends upon the time duration of adsorbent-adsorbate contact. When shorter time is required to attain equilibrium then efficiency of adsorbent to remove dyes from wastewater is high. At the start of contact time, rate of biosorption is high which becomes slower at the time near to the establishment of equilibrium. Different rate of adsorption during whole process is due to availability of active sites which are high at the start of reaction. Near equilibrium, molecules face inter repulsive forces as well as less binding sites are available so rate of adsorption becomes slow down [28] . The effect of contact time on R is leveled, continuous and single [31, 32] as shown in Figure 1b . The R increases with increase of contact time but after some time it becomes constant. This stage is called equilibrium, at which all the binding sites of the adsorbent are occupied by the dye molecules and no further vacant sites are present for further adsorption of dye molecules [33, 34] . The contact time of 50 min at which saturation occurs was used for further experimental work.
Effect of stirring speed
Literature survey shows that stirring speed has no significant effect on the value of R of adsorption during adsorption process. Effect of stirring speed was studied by varying its value from 100 to 175 rpm and all other parameters like biosorbent dose, contact time, temperature, pH and dye concentration were kept constant, as shown in Figure 1c . The value of R of A-SB increases slightly with the increase of stirring speed up to 125 rpm, but becomes constant with further increase in its value. Optimum stirring speed of 125 rpm, at which value of R was maximum, was used for further work.
Effect of temperature
Effect of temperature on the adsorption process indicates whether reaction is endothermic or exothermic. When adsorption capacity of adsorbate increases with increase of temperature it is called endothermic process. Increase in temperature may increase the movement of dye molecules or increase the number of active sites as a result R of adsorbent increases [35] . While in case of endothermic adsorption process, rate of adsorption decreases with increase of temperature because of decrease in attractive forces between the molecules of dye and active sites of adsorbate [36, 37] . Figure 1d shows that when the temperature of the medium was increased from 10 to 60 °C, the value of R was increased up to 50 °C but further increase of temperature decreased the R of the adsorbent.
Effect of dye concentration R of adsorbent for dye from aqueous solution also depends upon the initial dye concentration. R of adsorbent for different concentration of dye decreases with increase of dye concentration due to saturation of binding sites of adsorbent as reported earlier [38] . When the concentration of dye is low, some binding sites are unoccupied and value of R increases. But with the increase of initial concentration of dye, availability of active site decreases because number of active sites remain fixed due to constant concentration of the adsorbent [39] . Dye concentration was varied between 16 to 32 ppm while all other parameters were kept constant to study its effect as shown in Figure 1e . It can be seen from Figure 1e that R increases with increase of dye concentration up to a specific value after which R decreases with increase of dye concentration. Results are compatible with pervious reported work [40] . At high dye concentration, competition increases between its molecules for binding sites as a result R decreases [41] .
Thermodynamic study Different thermodynamic parameters for the biosorption of MV on the surface of A-SB were also studied by making use of following equations [42, 43] :
where ΔG° and ΔH° are Gibbs free energy and enthalpy change respectively, T is temperature, ΔS° is the entropy change, while K D is the distribution coefficient. C AS and C e are the total amount of adsorbate adsorbed and its amount at equilibrium, respectively. The value of ΔH°, ΔG° and ΔS° was calculated by plotting a graph between 1/T and log K D using Eq.
(6), as shown in Figure 1f . The value of ΔH° was calculated from slope while the value of ΔS° was calculated from intercept of the graph. Different thermodynamic parameters like ΔH°, ΔG° and ΔS° calculated for biosorption of MV from the aqueous medium using A-SB are given in Table 2 . The value of ΔG° was calculated at temperature 313 K using Eq. (3) because maximum amount of MV was adsorbed on SB at this temperature. The value of ΔG° shows the nature along with feasibility of biosorption process. The negative value of ΔG° in adsorption of MV shows that the reaction is spontaneous and energetically feasible [44] . The value of ΔH° can be posi-tive or negative depending upon the nature of biosorption process. Here, positive value ΔH° for biosorption process shows that the reaction is endothermic in nature of reaction [45, 46] . The value of ΔS° shows the change in randomness of atoms which are being adsorbed on the surface of adsorbent [47] . Its value can also be positive or negative. Positive value of entropy change for adsorption of MV by SB shows that adsorption rate increases with increase of randomness of reactant atoms [48] .
Adsorption isotherms
Adsorption isotherms show the adsorption capacity of adsorbent and adsorption mechanism of how dye molecules interact with its active sites. Different isotherms -Temkin, Freundlich, Langmuir and D-Rwere employed to analyze the data. These isotherms also explain whether the adsorption of MV molecules on the surface of SB was monolayer or multilayer. For this purpose, data was obtained by carrying the adsorption process at optimum conditions of temperature, pH, stirring speed, concentration of dye and contact time.
Langmuir adsorption isotherm
The Langmuir adsorption isotherm was presented by Irving Langmuir in 1916 to explain the mechanism of adsorption of gas molecules over the surface of activated carbon [49, 50] . This isotherm also shows that adsorbate molecules do not interfere with each other during adsorption process and they are restricted to form a monolayer [50] . This isotherm also explains that once the dye molecule is adsorbed at one site then further adsorption does not occur at that site [55] .
Graph was plotted between C e /q e and C e as shown in Figure 2a . C e (mg/L) and q e mg/g) represents the concentration of dye in solution and concentration of dye on adsorbent at equilibrium, respectively.
The value of q m was found from the slope while the value of K L was calculated from intercept of the graph shown in Figure 2a . Langmuir parameters for adsorption of MV on the surface of A-SB surface are given in Table 3 . The value of correlation coefficient R 2 is 0.981 which is approximately equal to unity and [34] . A comparison of q m values for methyl violet to be adsorbed by different adsorbent using the Langmuir adsorption isotherm is given in Table 4 . 
Freundlich adsorption isotherm
Kuster and Freundlich presented a model in 1894 to explain the non-ideal and reversible adsorption process. They explain in their work that adsorption takes place on the heterogeneous surface in the form of multilayers [55] . The Freundlich adsorption isotherm is represented as follows:
In this equation, K f is the dimensionless constant which represents the adsorption capacity while n represents the intensity of adsorption. q e and C e are the equilibrium concentrations of adsorbate at adsorbent and in solution, respectively. Figure 2b shows the plot between ln q e and ln C e from which value of correlation coefficient was calculated which is not compatible with literature. It means experimental data cannot be explained by Freundlich adsorption isotherm and multilayer adsorption of MV dye molecules does not occur at the surface of A-SB. The values of correlation coefficient (R 2 ) for Langmuir and Freundlich isotherms indicate that adsorption of MV on the surface of A-SB follows the former isotherm as compares to the latter one.
Dubinin Radushkevich (D-R) isotherm D-R model is represented by equation as follows [56] :
where q m (mg/g) and β (mol 2 K/J 2 ) are theoretical saturation capacity and D-R constant, respectively, and in term of C e is given as follows [42] :
D-R model explains the nature of surface of adsorbent like heterogeneity or homogeneity [57] . A graph was plotted between ln q e and 2 as shown in Figure 2c . The values of D-R parameter calculated from graph shown in Figure 2c are given in Table 3 .
Value of E S (kJ/mol) can be calculated from [58] :
Two factors are usually involved to decide whether data follows the D-R isotherm or not. The first one is the value of R 2 and the second is the comparative analysis of calculated and actual value of q m for the adsorption process. Here, the value of R 2 is not close to unity and the value of q m is not comparable to experimental value. Thus, the results show that adsorption of MV on the surface of SB does not follow the D-R model.
Temkin adsorption isotherm
This isotherm model shows that the value of heat of adsorption decreases linearly for the molecules that are present in the same layer during adsorbent-adsobate interaction [59] . The equation for Temkin adsorption isotherm is as follows:
β β = + ln ln e t e q K C (11) In this equation, K t (1/g) and β are equilibrium binding constant and adsorption heat respectively. Figure 2d and data is given in Table 3 . The R 2 value shows that adsorption process does not follow Temkin adsorption isotherm.
Graph for Temkin adsorption isotherm is shown in
Kinetics of methyl violet adsorption
Kinetics of adsorption of MV on the surface of SB was studied by employing different kinetic models as pseudo-first order, pseudo-second order and intra--particle diffusion model etc. Pseudo-first order was proposed by Lagergen in 1898. It is employed to observe the mechanism of adsorption of liquid or solid samples. It is represented by the following equation [60] :
After integration, Eq. (12) becomes:
kt (13) In this equation, k 1 is pseudo-first order rate constant while q t (mg/g) is adsorption capacity at any time t. Graph was plotted between ln (q e -q t ) vs. time to study the pseudo-first order kinetics of the adsorption od MV on the surface of SB as shown in Figure   3a and data is given in Table 5 . The value of R 2 is small as compared to experimental predicted value which indicates that the adsorption of MV on the surface of A-SB does not follow pseudo first order kinetics. Also, the value of q e is not comparable with literature. Pseudo-second order kinetic model was proposed on the basis that chemisorption are followed by the process of sorption [60] .
The equation of pseudo second order is:
After integration, Eq. (14) becomes:
In this equation, k 2 (g/(mg min)) is pseudo-second order rate constant while q t (mg/g) is the adsorption capacity of adsorbent at time t Figure 3b shows the graph between t/q t and t to study pseudo-second order kinetics. Data for pseudo second order for the adsorption of MV on the surface of adsorbent is given in Table 5 . Calculated value of R 2 for pseudo-second order is very close to unity as compared to other kinetic models. It shows that adsorption is best followed by pseudo second order kinetics. The calculated value of q e is 6.72 mg/g while value of reported value of q e is 6.18 mg/g which are approximately close to experimental ideal value. Hameed used sun flower seed hull as biosorbent for removal of MV dye from aqueous medium [61] . He reported that adsorption process best follow the pseudo-second order kinetic model as compared to pseudo-first order kinetic model because R 2 value exceeded 0.99 in case of former as compared to later one. He also showed that q e value calculated from pseudo second order was more consistent to reported values. Similar results were found by other researchers for adsorption of methyl violet dye using different biosorbent [29, 33, 62, 63] . ) is the desorption constant. The Elovich equation is converted to a simple form by supposing that αβt >> 1 and integrating. After applying the conditions above, the simple form becomes: β αβ β = + ln( ) ln t q t (17) By plotting a graph between q t and lnt a straight line is obtained with intercept βln (αβ) and slope β which help to calculate the value of constants that are α and β. In order to check if the data fits this model or not, a graph was plotted between q t and lnt, which is shown in Figure 3c and calculated values are given in Table 5 . Value of R 2 is very far from unity, which indicates that data is not well fitted with this model for adsorption process of MV over SB.
Elovich kinetic model
Intra-particle diffusion model
The intra-particle diffusion model is represented by:
q K t C (18) In this equation, K id (mg g -1 min -1/2 ) is the inter--particle diffusion rate constant. A graph was plotted between q t (mg/g) and t 1/2 to study the validity of model for adsorption of MV over the surface of SB adsorbent as shown in Figure 3d . Passing of straight line from origin of graph decides whether it is controlling step or not. By using Figure 3d parameters of intra-particle diffusion model model were calculated which are given in Table 5 . The R 2 value for biosorption process was not close to unity, which means that it does not follow the intra-particle diffusion model.
CONCLUSION
The results showed that Saccharum bengalense (SB) is an effective biosorbent for the adsorption of methyl violet (MV) from aqueous solution. At 323 K temperature, 98% MV dye was removed using 0.2 g/25 mL of biosorbent while, pH and stirring speed were adjusted as 10 and 125 rpm, respectively. The results indicated that the time required to attain equilibrium was 50 min. Experimental data showed that adsorption process best followed the Langmuir adsorption isotherm. The dye molecules formed single layer over the binding sites of S. bengalense surface.
Thermodynamic parameters showed that the adsorption process is endothermic, spontaneous and feasible, as the adsorption rate increases with increase of temperature of the medium.
